During the past ten years or so, the genetical bases on the occurrence of tetrads deviated from theoretically expected 2:2 segregations of Saccharomyces were discussed frequently.
Among them, the asci with four spores and the asci with more than four spores were studied. With the aid of a micromanipulator each haploid spore was picked up and transferred to a block of nutrient agar. After the clones had grown, they were transferred to nutrient agar slants and subjected to the following analyses.
Determination of the mating types was made by a microscopic observation of zygote formation. As the standard mating tester, two cultures which were previously known as 24427 a and 24428 a were employed.
Proof of the haploidy of all testing cultures was based on cell size, sporulation and genetical segregation.
To determine the biochemical requirements, a synthetic medium called as "modified Burkholder's medium" was used (table 1) . This medium was recommended by Lindegren et al.
(1956) as a suitable medium for determining biochemical markers of segregants. The testing procedure involved a comparison of the growth of the cultures in two tubes, both containing the same medium, except for one nutrient being tested.
Thus, the presence of growth in a tube lacking a specific nutrient indicates that the culture requires no special nutrient, whilst the absence of growth in the tube indicates a requirement of the substance. To diagnose the phenotypes, cells from 2-to 3-dayold cultures grown on nutrient agar slants were transferred by a loop to 5 ml of steriled water, and often being shaken, 0.05 ml aliquot containing about 1 x 10' cells per milliter was poored into each tube.
To distinguish resistance from sensitivity to caffeine, 0.30 of crystalline caffeine was added to the synthetic basal medium.
The amount of growth was determined by measuring the turbidity of the sets of tubes using a Erma photo-electric colorimeter at 24-hour intervals.
The capital letters indicate the genotype of the non-requiring cultures and the small letters denote the genotype of the requiring cultures.
Experimental results
As shown in table 2, a hybrid between cultures 24427 and 24428 produced asci containing four haploid ascospores at levels of about 17% when it was cultivated on the acetate sporulation agar medium at 25°C. Furthermore, the hybrid culture produced asci with more than and fewer than four spores in a single sac at levels of about 2 and 8% respectively.
Twenty-one of the multispored asci and 45 of the standard four-spored asci were dissected by a micromanipulator and tested for the seven gene markers controlling the mating types, caffeine sensitivities, and choline, isoleucine, phenylalanine, arginine and lysine requirements. At the dissection, only round asci (Plate 1, Photos. I-, II-, III-and IV-M) were chosen to avoid the contamination of cells arising from the fusion of two adjacent sporulating cells (Plate 1, Photo. IV-F). Regular segregations were observed in 43 of the standard tetrads and in all of the multispored offsprings.
Two of the 45 tetrads were typical irregular as is indicated in Table 3 . Ascus No. 1 was regular 2:2 segregation with respect to genes for the mating types (ala) and for phenylalanine requirements (ph/PH) but for all other genes completely different ratios, and ascus No. 2 was irregular with respect to genes for phenylalanine (ph/PH) and lysine (lylLY) requirements. Moreover, the former was an excess of recessive genes but the latter was an excess of dominant genes. Table 4 shows the genotypes of the offsprings originating from twelve-and eight-spored asci. Tables 5, 6 and 7 show those of seven-, six-and five-spored asci respectively.
As far as the tested asci were concerned, there was no sign of supernumerary mitoses.
The offsprings consisted of two (or more) sets of tetrads as indicated in the last column of each would disintegrate at the ascus formation so that the usual number of four spores might be formed, then the tetrad analysis might reveal an irregular segregation ratio. In addition to this supernumerary mitosis, they have also discussed occurrences of binucleate spores which meant the fusion of nuclei to produce diploids or heterokaryons in asci with four surviving spores (Winge and Roberts 1954) . When Lindegren and In the present data, Saccharomyces asci consisting of five, six, seven andl eight Table 6 . Genotypes of segregants from six-multispored asci ascospores did not show any possibility of supernumerary mitosis as they apparently possess two (or more) sets of different tetrads. Then they lead to the degeneration of half of eight nuclei. The conjectural frequency of tetrads resulted from the degeneration was more than 3%, because ratio of five-spored asci disintegrated from eight ascospores, as is presented in Table 2 , was 3.10%. Actually, immatured Table 7 . Genotypes of segregants from five-multispored asci ascospores which are less than half of the usual size could be often observed in a single ascus together with spores of the standard size. Such meagre spores did not have the ability to germinate on nutrient agar media , probably due to a deficiency of cytoplasm.
In addition to this observation, asci with fewer than four spores were, comparatively speaking, abundant. Occasionally, they were more abundant than the standard four-spored asci in some sporulating materials. These phenomena result presumably from the degeneration of one or more nuclei produced by the reduction. For instance, ascus No. 19 was in a group obtained from a five-spored ascus but only one spore did not germinate. If the dead spore did not mature at the ascospore forming stage, the ascus would become completely an irregular tetrad having external irregularities only for isoleucine (is/IS) and phenylalanine (ph/PH) loci. On the other hand, ascus No. 1 was a complete irregular tetrad segregated out to an excess of recessive markers.
The genes for caffeine sensitivities (ca/CA) and choline requirements (ch/CH) were segregated out in 1 dominant to 3 recessives, in spite of the fact that they locate closely on the same chromosome (Lindegren of al. 1959) . It proves that the complete irregular segregating tetrad did not result from the gene conversion.
With respect to the formation of asci with more than four spores, Lindegren and Lindegren (1953) proposed that asci with more than four spores usually arise by the fusion of two or more diploid cells before reduction , or by the fusion of the asci after reduction.
If such fusion often occurs between cells or asci, more than four genetically different spores could naturally occur in the ascus. In Saccharomyces yeast, the appearance of asci with more than four spores is usual.. Maria (1957) observed asci containing more than four spores in wild types of Saccharomyces cerevisiae which were isolated from wines.
The authors have observed a large number of multispored asci in two species supplied by courtesy of Dr. O. Winge, Carlsberg Laboratorium in Copenhagen (Miura unpublished) .
One was Saccharomyces chevalieri possessing the formula DD, homothallic with respect to the postulated diploidization gene, and the other was a hybrid culture between Saccharomyces chevalieri and Saccharomyces cerevisiae (yeast foam) having the formula Dd. In these two diploid cultures, elongated cells which two or three (or more) daughter cells fused were often observed.
It suggests the occurrence of binucleate cells at the vegetative growth phase, and which may lead to the formation of asci with more than four spores.
Summary
Twenty-one of the multispored asci which consisted of five, six, seven and eight spores of Saccharomyces were chosen and dissected with the aid of a micromanipulator .
The hybrid culture used was a heterozygous for eleven genes, among which, the genes controlling mating types, caffeine sensitivities, choline, isoleucine, phenylalanine, arginine and lysine requirements were tested. Data suggest that asci with more than four spores consist of two (or more) sets of different tetrads , and that some of Photos. I-, II-, III-and IV-M. Round asci with more than four spores formed on acetate sporulation agar medium.
Photo. IV-F. Ascus having the possibility of fusion of two sporulating cells.
